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(57) Abstract 

A semiconductor device wherein trenches 
(5a) are made in the first major surface of a 
semiconductor substrate, and a p-type diffusion 
region (2) and an n-type diffusion region (3) are 
formed to constitute a pn junction along the 
Jepthwise direction of the trench in a region 
between the trenches (5a). The p-type diffusion 
region (2) has an impurities concentration 
distribution established by p-type impurities 
diffused from the side wall face of one trench (5a) 
and the n-type diffusion region (3) has an impurities 
concentration distribution established by n-type 
impurities diffused from the side wall face of the 
other trench (5a). A heavily doped n*-type substrate 
region (1) is formed on the second major surface 
side of the p-type diffusion region (2) and the n-type 
diffusion region (3). The depth (Ld) of the trench 
(5a) from the first major surface is preset to be 
deeper than the depth (Nd) of the p-type and n-type 
diffusion regions (2, 3) from the first major surface 
by at least a diffusion length (L) of the p-type 
impurities in the p-type diffusion region (2) or the 
n-type impurities in the n-type diffusion region (3) 
during the manufacturing process. Thus a 
semiconductor device having high breakdown 
strength and low ON resistance can be obtained. 



3 5a 2 3 5a 2 3 5a 2 




wcmm 2tn mijtw^mm 3t(Dm2 ^mm\z.]^ n ^-mmmmmm^ 1 ;i^^?f^^ ^ n 



AE T y-f-W^mHtH DM 

AL r/i^/<c;T EE Jt^^ h — T 

AM T/^p<=.T ES 

AT Ji-—:?^^!;^ FI y-O^V'Y 

r'g/i-^<-<i'-v>- GA 

BA .-J^Xiir • -^-/U'^'AS/tr-^- GB 3?ia 

BB x</i'/<K;^ CD ^i^-r^r 

BE ^v'l'J— GE ^r,Ui^r 

Bf-' 2''^2t*^7'y GH 

BG ':^/^:ffVT GM ;<f>'irT 

BR :/2'^/p Gw 4ff=r • tr-*^:*- 

2Y crZ'i?"'*^ GR ^vi^-r 

CF 4'*T:7y* HU xN>'jyy — 

CH ^-Tf..^ IE r-r/i-7>K 

CI =3— hvJjfT— IL 

CM ^ ^i'— > I N K 

CN ^J^S I s T^^'^l^}^ 

CR IT ^fj^yr 

CU /< J p b;^ 

CY ^Zf^:!f. KE ^nr 

C2 KG ^yw^;^^^>' 

DE K^y KP 4tW» 

DK KR urn 



KZ ^if7y^^> 

LC -fe^hyWi^T 

LR y^yr 
L s h 

LT y hT=r 

LV vh^y-<r 

MA -^nysi 
MC 

MD ^/UK-Tt 

MG -^^-xsy^istv 

ML -ey 

MN 

MR y^^=r 

MW •^'f^^ 
MX 

NE yu 
NL 

NO y— yu^7« — 

N2 :^^~.v;-9>'K 

PL 

P T ^K/i' h XTyu 

RO t\ — -T-^T 



R L D iyT 

SD 2^ — ^> 
SE 
SG 

S I ^^-r 

SK J^or/T'^T 

S L v'rc.^ . K^i^i^ 

S N -tr;:^>y/u 

S2 7sV\^'7\»^Y 

TD ^-t-K 
TG h — =f— 
TJ 

TZ ^^-tPnr 
TM hyW'^' 
TR h/Un 

TT hy=^5/ K- h/<=f 
U A 5 

UG ^Hfl^^ 

US 3fes 

UZ ^7X^^r:x^>' 

VN ir-C3:hnhJ. 

ZA mr-yy^&^ft® 

ZW C^W^TTa: 



wo 00/05767 



PCT/JP98/03289 



ilSitBE^M^"«!7— MO S F E T (Metal Oxide Semiconductor Field Effect 
Transistor) ICOVN-C^^^m^Af*, 1 997*^2^10 B 0 ;$:S#|^jti-Sta 
\.t:z<^mW ^ - 2. 6 9 9 7■^{C:*5V^T|2I 3 8 (^^-TtHig^^Ji^ UT V ^ So 

b^^TV^;5o r<75f^l O 5 a lc1**;ixSll*|!cI^l-{i. p M*5 J: t/ n Mfi^ticm^ 1 
0 2, 103 35S|2:tt btvT*3 V) , p MJfetfc^HK 102 Yt—:fj(Dm 105a OffiUii 
®l-iStt bil/T^S Y) , n^fe£«!c®^ 10 3 «{t!i;^<^^ 10 5a <Dmmm\^n^i h 
HTV>5o :i<^>pMt£iS:^l^i 0 2^ nMfeSm^J^i O 3 ^Ji, ?«1 O 5 aO)^ 

pM:}^J;t>'nMfei:tJ:0ilK 1 0 2, i o 3 (D|gi ^ffiiRiJtifipM":^:^^!- (pM-< 

— t>li-^-r'5) 1 0 7dS?i^fi£$tl.TVN<5o CK^pM-^^^/H 0 7F^-efco 
TftlL:^^Of»l 0 5 a <^>il!l§i®{31«y— ;^ n^tttfc^^l 0 8 ^S^^t'bHTV^So 
:ioy-;;?>n*J£t!t^Si^i 0 8 n^tem^HiSi 0 3 t Id^^tbS pMe7 3i/H 
o 7 \^^— hW^M 10 9 J; p tc, i o 5 a <^<i!ill 

m\^f^^x^—vnMmi i o^5jj^^$tbTVNS„ 

y = i^o^■a'<^^^ p*li£«S:^ilKi 1 1 35S^ltbtbT*3>9, pMlJ':»^>'H 0 7 i: 



wo 00/05767 



PCT/JP98/03289 



^1^1 1 itviiifc6<jlJ:^?^-r-5J;9{cy-;^m<l® 1 1 2 ;is?^5fife$i^Tv^^o * 
f=:^2±®±l«i(i, K Vn^'^liEl 0 1 t1i;^6<3(-@l^-r'5 J: 5 KV-f 

m?^Ml^f*> nMW^ ( Kl^^ >'{C^^$;h.fc Kl^-f Vn*MJ|Sl 0 1 ^ 

Ife^fl^i 0 3 i^pMf^^ (y-;^{^^M$tLfcpM'i7zc/n 0 

7 pMi£tSc^i^i 0 2 t c^F^lc^^-a-^S-f^o r ;6^bZ2:;5^o T 

m^^fh^o Ku^i/miE=S:-h#U-CVN< ^ nMKStfc^^l 0 3 t pM&tfc^ilE 
1 0 2 i:f±J?:^^/5S?*V>fe«>. rHb(7)^^10 2. l O 3 ;5Si--<T^S:{l:^tb^o 

nx. m(Dy<^—MO S F E T J: 19 ' ■fS^StrCTfemt^^S ^t:b^X% §0 

Lfc;&5o-c. :l(7)=fg^^^*3V^T^i, nMitiit^l^i o 3 p MtttfefJ^ i o 2 i 

r(7>^^flsi^g<^p nmmLmm(om^:ijm\^'^\'^xmm-r^o 



wo 00/05767 



PCT/JP98/03289 



:l (D p mmi$L I 0 7 ^mitfl^l 2 t CV U C chemical Vapor 

Deposition) U = l^^itB 1 3 tCVDi^V =' '^Ukitm 1 4 t^^h^£^3 

1114 0 <Sr#BSbT, ^(D:^^y^l^'^l^^y) . m I ±m^^ h nmMMJ^^WLMi^ 
10 1 \:im't^^Wc<Dm 10 5a ^mj^^ti^^o 

HI 4 1 ^#RSLT. ?»i 0 5 a(7)— :^omiJliaat-> ^^i^-Y^^'iiAyfeSrfflv^x 
(B) ;55iiA$tt> J)^^3j??iA^is!cl 0 2 a /jS?l^fi5t$HSo 

1114 2^#RiLT, ±ife«D7h;!>^i^AB#^}iftIt5rj9»{:ibfc^4fe'<:^->'?iA^* 
(c:J;«9. fti 0 5 a <^{{ii:^o«c5{-y ^ (P) A'^f^.T^^n. y ^-aA^isKi 0 
3 a ;iS?J^^$iT.5o 

HI 4 3 LT. 1 0 5 a ^tSiA^^ ;^^0 3 jm^^it 12. 1 3 . 14 

Jt<S:^ 5 J: p i:imB.mX'h^ c v D y ^S^SfkHK 10 5 /j^ji^fiK ^ H5o r co^l^ 
fli-C. -<;*-i^?iA{-J: ^MIALfcpM*3j:tJ«nM^fjei^^*m^-ti:SfcJ^)lJi^*ai 

L/5^L. rco[2l3 8 (^7]^i-^*f*^e-C}4. p M*^ it/ n 1 0 2 , 

1 0 3(Dmi±mf)^h<Dm^^mi o 5 a <Dm 1 ^^^^h<Dm^ tmv.m^m\:^ 

1214 4 {ClTj^-fJ; 9 l-^f^l 0 5 a OmiJIi-^, 5 ^ tT.S 

(^>^^W) o aALfcVMRil|g<b(iMiJ<^)tiJ|gTfc'5?ltl 0 5 a(^lS 

IfPlJiStt-f 12 0 ;^iSiiA$i^6o 
^fcll^{::«> ?g 1 0 5 a (om.U^'im 4 5 lc:7r:-r i 5 1-7 v K?f^t>t (WPSw 



wo 00/05767 PCT/JP98/03289 

^tcm'^\::.^^x\-±pm^^xj^nmuwcmmi 02.10 3I^JSgp^:l*5v^TpM> 

^mmm-i. m^(Dm(D o-hm^-^o -:^^^xim.-^(Dm\^^^f\^^ ^mi^^w, 
I? i^^v^f^2^f^mmm'i. m 1 <^?ii^{iLe;6^bm 1 ^mm-^m 1 *5 J:t/ii 2 



wo 00/05767 PCT/JP98/03289 

So 

So 



wo 00/05767 



PCT/JP98/03289 



*-rs:v^i^:*i-fS]-r'5^ 1 *5itj^m 2 (d^s^w 11 2 1 ?»mM<Dj« 



wo 00/05767 PCT/JP98/03289 

mm t (Dm^m^hm 2 ±mm^^ 1 *3 <t 2 mmm^mmtmrnf^i^toiwc-r 

OFF 1 ^ ^if^ 2 :^mm$Mm^jM:t^oxi,mnni^-' t^^^o. 

1 (Dm^utnmti:^MMf^(om^^^'t^f^2(Dm^^^^h\^^-f-^ 



wo 00/05767 



PCT/JP98/03289 



r ttlc J: "9 . MWim • l&o Ni&iitfZ? h u:y^mMO s f e T^lrMiti-?) :itr^ 

8 



wo 00/05767 



PCT/JP98/03289 



feSo 

0 2 5 tin 2 6 i: J*. ft^IiJig'^<7>/F?NB4^<^aA<j£®^tftP^-1-'5fc«)<^lll-CfeS6 



wo 00/05767 



PCT/JP98/03289 



ma 7J4, :^mm<DmM(Dmmi o\^ist,-f^^m^mm<Dm<Dmu^y'~y<B 

mas 4 3 f:i. HI 3 8 {::;^i-MO s f e T(Dmj^:^^^TM.mi^7jk-i-mi^ 

5 a (Dm'mmf)^hnm^p&<^^'^i&m^ixfz.yfmmm&^^^^\^x\^^^o 

pM*3J:tJ«nM*£«!cM^2. 3 tm5 a i (^^Sfeil blUst (p n^igL^it) <D 
a(D||l^®;&*b<^^$Tdfi:. p M*3 it)^ nMll£«!i:^^ 2 . 3(^)^1^ 

n m^mm^^'D^^i^'mm:mm^^<7^'r^x<Dm^miz x ^ ^m-r $ (d 

10 



wo 00/05767 PCT/JP98/03289 

t£t5cS$ L = (logelO)''^X 2 X ( D X s ) ''^ ( s = il£ tIC ^ P«1 

im ) 

^1 













llOCC 


1 h#Fb1 






ascc 




3. 




850t 


30 ^> 


4. 




sso-'c 


90^ 



^2 





850'C 


llOO'C 




le-l5cni^/sec 


3, 5e-13cm^/sec 


y ^ 


le-15cm^/sec 


3. 5e-13cm*/sec 



L {Tt^^ly) = (logelO) '^^ X2X ((3. 56-13X3600)'^==+ (le-15X 10800) 
= (logelO)"'^X2X (3. 5e-5+0. 32e-5) (cm) 
= 1.2Atm 



wo 00/05767 



PCT/JP98/03289 



110 o^c^ 5°c/:9-c#ta/l^?a-riT.fi\ 1 5 ot:/5"C/r9-= 3 o^^-a^^ 

tHz.m^mt^t^t^^:Lt\^ti^o ^m^m (io2 5°c) -ciafei-rtLt^, 

*z:t5cS$ = (logelO)'^='X 2 X (5e-14X1800)''2=0. 3/zm 

^ L = (logelO) X 2 X ((3. 5e-13 X7200) (le-15 X 10800) '^^) 
= 1 . 6 M m 

P^^^ 1 1 oo°c, iB$rp^m;SE(;^=^e'9, c 

L = (logelO)'/'X2X ((3. 5e-13X 21600) '/^+ (le-15 X 10800) "') 
= 2 . 8 /z m 

12 



wo 00/05767 PCT/JP98/03289 

:*:|ll)fe<^??i^|g-CI*. pM*3^tJ«nMfeS5c^i^2. 3 fi. ft 5 a (Dig® i «!) >b ll£ 

^rJ^^i^Mitxmt-jott'SMa-^iJAt^cLT pM^b^J:t;^nMfctfc^IJ|E2, 3rt{c:J^ 
^^feiliEE^WbTV^Sfc«>^ ;i<DnMit;^gS-g^StR^J^l {i*3lt^r(Z)^tJfiM;g 

13 



wo 00/05767 PCT/JP98/03289 

mmcDif^m 2 

7^mm(Drm<7^mm:^mxi:x. m 4 \z7jk-rx =? 5 b i^s. ^1 (Dm^n<D^ 

^ T d , ;6S n -^Mi^iSJSSJl 6 (7)^ ^ N d i; 19 % feiicft ^ L Jif£lt??g < ^ i 

14 



wo 00/05767 PCT/JP98/03289 

ms^mmi^x. n-:^nms:m^m6<Dm^^d jj^titfir^ lj^^ji/c 

61ji^;K^<k$B/5S^C'5r ^t-?fe5o :i<otz}i>. r<D?^{:Lp nji^3SUt»ig(^pM*3 
J;U«nMfe«!c®i^2, 3;6S?i^fi£$*i.rtipM*3J;t/nMi)£t5:^^2. Srttci^fiff 

cioj: 9 {Jims a co??il$-C-}i/^< ^ n'^ 

^trj: '9. m^:f5\^i^mm\^xi^—^j:M^xpMi&nmi^2:iixunmifL.mMi^ 
y¥^mMi<D^mxn. m^wimt^s oov(Dm^(D^t^<DMri^^wcm\^^^^x7jk 

-To 

I1|2&#BBUT. R)TM<^^^(f=riE/5^3 0 0 V(7)m-g~> n "^M^^igJftS^ 6 
^W\^M^7!)^1 e 1 3 cm-\ J?:$Nd;^n 7 mm;^T'fon«*J:V\ ^(Dn':^ 

15 



wo 00/05767 



PCT/JP98/03289 



5 a <7)i|>iWti 1 ~ 1 . 5 MmJ^T-efoSr ir;05m*LV^o b;^ci;OSo T p «t^^K 
^hi^Mci^^\^. tg5 a(^)iiilW^ 1 M m. 1ll:^r^C0^>g U t° =5^ P ^ 3 m m, 

1lt*3iL<0. 7 X 2 M mig;g^-CfeSie:^^^5feSo 19 L/5S^ l/zm<L<l. 

^i;^ aO??il$T d^il 7 Mm+L= 1 8~1 8. 4 ju miy._hr*fc^ ^1 ^ 

{ig 5 r t /55 i^.^-C 5 o 

MUTt an-' (1/ (17+1) ) =3. 2° jit Jc<D^:^;K 9 ::i->'^iiA 



mm(DMm 5 

^^NGi^ij^S;^^ 1 e 1 3 cm-\ ff $N d;^)M M mmj^-Cfctv{^J:V\ :icDm 



16 



wo 00/05767 



PCT/JP98/03289 



^tLTtSf^^jHT-fc^m-a-s ?t 5 a<^^?g$ L d ([gl 2 T-fi L d.,) {^4. 5-4. 

mm(ojf^m4{zmi&. ut. m^f-mmn)^ i o o o vcom-B-n. n-yfn<^i&m^ 

m 6 ^n^M^t^ 1 e 1 3 c m-\ ff^Nd^Sso/z mm^-Cfctttf J: V\ 
^v^j^;6SJ:<, o 0 0 vw^-^-etis M^ai 0 fx ml^TcoM^i^t^M 

d,) fi5 3~5 5 /zmlJA±-efeSiei^^d5$>^o 

mmcpmm 7 

ifiLWc^i$. 3 »m:^^<^f^ 5 a <7)ffi!lii®{-lS:tt bHTV^^So r 05 p Mfctfe®^ 2 i: n 

17 



wo 00/05767 



PCT/JP98/03289 



mm(D^m<\^mmi>m < ^ y = t^^p^mmmAm< mum 

T^-^J' t Ur^S^^Jl^MC s C s p ^*£t^S^CHRn. CHRpi:^ 

P M^ilS 7 _b{j:, ^S^-fbim 2 cvDi/y =1 v^-fbH^i 3 c VD^^y = 

I2111^#BSUT. rcDir:5/^>'iJ^l::i<9. p 7 ^ n -^M^^fSS-^Ji 

6 i:<S:maU-CnMi«2i-^StKM^l {^i*-rs?t5 a;6S?f$^^tL^o ^cO^.. ?ft 

18 



wo 00/05767 



PCT/JP98/03289 



.S^^mt^-h^f^^. NF3. SF6> S i F,^fe^*<75:7-/^^;^;:^^ffiV^T F^-Y^^y 
^ (B) ;5S^A^i^, ^'>*aAM*K2 a /D5?f$^$tL§„ 

(j: «t , 5 a <7){di:^^<7?<Mig® 1^1 y ( p ) t^&x ^ th. V v^^ami^ 3 a 

19 



wo 00/05767 



PCT/JP98/03289 



p mtftmMi^ 2tn mmmi^ 3 1 mm § n s o mmm 5 \z . ^® ^ 5/ ^ >- r 

D->u =i:/^'fl::llgi 4«*^tL5o 

r colfe^M 5(D^iy ^ xm^4^ K ^ ^ 9^ ^ cJ'''*^ J; t>' b 9^ 

fi^) 1 o^iscvDfedJ: "iijf^^^tt^c wC»K— T'hi/y =«i/fl^i 0{;i3i.^^y<; 
^n-^^LT^Mpj-f-S'iT*— 1 O)55ji^^$^5o c V D y =i :/^'fb 

E12 l^#B^LT. ItmbfcpM^— ^'nIl§£7_b*3i:-0«^m$tL/-c?t5 a ±t' 

^^^f\j^o :L<Dyy-Jy^ h/^°^— ^^2 l a ?ir-^:^;J^ ^ ux-f A^ff b ^ 
i:lziJ:t)> pM^— ^^^7 y— ;^ n*i)£i!i:^i^8 /isji^^^tv^o ^i^y^ 

|§12 2^#fi^LT. rc^J: plciUTStBLfcpM-^— ;^^^7<7>*ffiic^-r^ 

20 



wo 00/05767 



PCT/JP98/03289 



^xxf^<Dmt-r^u^<ot^^i!>^p^^^'^^^^^^Mi^2. 3 (Dim^ X y) hilt 

/^jb\ [Hi 2^1111 3 i;X-7j^b:^^^7^i: y :/<D^iA:ft;K^-ov^T^i^ 
?l^flg3T'm0^LfcJ: 5 ^c^:^;!^-caA-t-Sj^^^d5fc^o , [112 5 ^1112 6 ir 

mmLXi^—fim&t-r^ tf>^X^ ^ti^. WWBE • ig:ONlS^(7> hV':/^^ 

MOS F ET^ttSr ^;;55-C^So 

[§l2 7^#.^b-C, ;$:^JSc^)?l^^,{-*5lt5¥®MMOSFET}i. HI 6 {^iTT^i- 
hl^^'^MMO S F E T tktJ? bX. p^e7ac/V7a, y— ;5^n*fe£m^^8 a 
(D^m^XW— hmmm 9 a . himil 1 0 a <^>gH«^^:*3V^r^;^.^So O 

a ^ n 3 c^r^l ^^t^^HTV^So ^ bT^<^ y n 8 a 

^ nSi*£t!cfI1^3 tlc:^*^ix/ipM'>^^^7 a (D^ 1 3t®_bi^'5^- 9 a 



wo 00/05767 PCT/JP98/03289 

TV>5„ ?»5al^l;:(i^ ^■^mm^&(DU]) =11^ iM-m^n. ^B^BK^ 
p J:TJ^n §Jfet5:^5iSS 2. 3i:?»5airc7)pn b»itc7)^ 2 ^®ftiJ{C« n 

22 



wo 00/05767 PCT/JP98/03289 

c V D y =1 vm-fbs 1 3 i: ^^-fbii^ 1 2t mm^^>^ ^ ivxm 3 0 \z.miry4 

«7>?l^«l2T'lftP^LfcJ:9{c:pM*3<J:T>*nM*£tSc^*i!c2, 3 (7)^^ J: >btfetfeS^ 

pM*3J:t/^nMl£«!c^«c2, 3 i ^®{^:Sii:'fc:^r^^^: 
J^j^U-c^l^— !fe«iSt-r-S- t^5"C#^fciii)> J^mm • ■eoNig:tiT:<^i$^-i';a— K 

mmcpmm i o 

o-^>9. pni^5gL«5t^'fei-pM*fc^®«E2i:nMfe«S:^J|!c3i:f*¥^ 

^—^^^m^-r^m.mi s7!)mf^^tix\^^^o 
wi-'<Dum^^y'^xnm-<Dn^-^i^i^'t(Dm.m\-t^^'t^o 

23 



wo 00/05767 PCT/JP98/03289 

24 



wo 00/05767 



PCT/JP98/03289 



25 



wo 00/05767 



PCT/JP98/03289 



3. Htl|a^l*3j;tJ^m2?F?i5fiW^^(^Htj|a^l Blj|S^2^|i6 

26 



wo 00/05767 



PCT/JP98/03289 



27 



wo 00/05767 PCT/JP98/03289 

1 1 . striais 1 *3 .tTj^n 2 ^mmMi^<^nHum i miia^ 2 ^nmM^ 

1 4 . mmm 1 *3 j: t^^is 2 ^^mmMi^commm 1 ^smm^. miie^ 2 ^^mmi^ 

J;'9ftv^. it3j^3l9i:iia^f^¥«<^^e(^M3t:^fe 



28 



wo 00/05767 



PCT/JP98/03289 



FIG. 3 

3 5b 2 3 5b 2 3 5b 2 




wo 00/05767 



PCT/JP98/03289 




wo 00/05767 



PCT/JP98/03289 



FIG.7 



n 
Y 




n 

/ Y' 




Wd 


P 


Wn 


Wd 

>■ 


P / 
Wp 






■e s>- 












V 



27 



wo 00/05767 



PCT/JP98/03289 



FIG. 9 




FIG. 10 



1314131413141314 
12\ 



m 



mm 



14 
13 
12 



--6 



~-1 



27 



wo 00/05767 



PCT/JP98/03289 




wo 00/05767 



PCT/JP98/03289 



FIG. 13 



C 




6 6 2a 6 6 

C 



V27 



wo 00/05767 



PCT/JP98/03289 



FIG. 14 



13 14 131413141314 
12\ 1121 1121 1121 




FIG. 15 



13 14131413141314 
121 1121 I121 ll2l 



^5 

^14 

-13 

-12 

-7 




23 2323 23 23 



V 



27 



wo 00/05767 



PCT/JP98/03289 



FIG. 16 



13 7 13 713 7 13 7 

\121 \12l ll2l \121 




2'^5''3^2^5^3 



FIG. 1 7 



C 



13 7 13 7 13 7 13 7 
l9 \12j 9 




2 J 30 2^ 5^ 3 



27 



PCT/JP98/03289 




FIG. 19 



13 7 13 7 13 7 13 7 





wo 00/05767 



PCT/JP98/03289 



FIG.20 



c 




c 



FIG. 21 



2- 


a 21 


a 21 


a 21 




8 7 


8 7 


8 7 




lii 


mi 


ILL 



21a 

^-8 
7 




3 2 5 3 2 5 3 



27 



wo 00/05767 



PCT/JP98/03289 





wo 00/05767 



PCT/JP98/03289 




wo 00/05767 PCT/JP98/03289 



FIG.26 




c 



,5/ 



27 



wo 00/05767 



PCT/JP98/03289 



FIG.27 




wo 00/05767 



PCT/JP98/03289 



FIG.28 



13 7 13 7 13 7 13 7 




235^3^2^5^352^ 



FIG.29 



7a 



8a 7a 
G / 



8a 10a 




5b 523 5b is 23 5b 5231 



1V 



27 



wo 00/05767 



PCT/JP98/03289 




wo 00/05767 



PCT/JP98/03289 




wo 00/05767 



PCT/JP98/03289 



FIG. 32 




5a 2 3 5a 5 5 2 3 5a 
C 

* V- K 



FIG.33 




wo 00/05767 



PCT/JP98/03289 



FIG. 34 



13 14131413141314 




\ 



6 

5a 5a 5a 5a 



rr 



™^12 



\ 



rr 



V^L -1 



FIG. 35 



13 13 13 13 




.-1 



23 2323 23 23 



21/ 



27 



wo 00/05767 



PCT/JP98/03289 



FIG. 3 6 




2 3 2 3 2 



2 3 2 3 




wo 00/05767 



PCT/JP98/03289 



FIG. 3 8 



109 

1 1 110 108 112 107 

gI / /ps 




n+ -^101 



102 105 105a 103 102 ^ 105 105a 103 102 



FIG. 39 



13 14 131413141314 
12\ 





■14 
■13 
-12 
-107 



106 



:-ioi 



23/ 



27 



wo 00/05767 



PCT/JP98/03289 



FIG.40 1314131413141314 

12\ /12\ 



107- 




rr 



106 



106 



106 



rr 



\ 



106 



101 



106 



105a 105a 105a 105a 



FIG.41 




n 



a 



i 



IT 



102af1 02a 102a 




102a 



14 
13 
12 

107 



^101 



102a 



106 106 106 106 106 



24/ 



27 



wo 00/05767 



PCT/JP98/03289 




wo 00/05767 



PCT/JP98/03289 



FIG. 43 



1314131413141314 



107- 




102 



1021 102 



103 103 103 103 103 



\ 
\ 
\ 



102 



\ 
\ 



\ 
\ 
\ 
\ 



102 



26/ 



27 



wo 00/05767 



PCT/JP98/03289 



FIG. 44 




INTERNATIONAL SEARCH REPORT 



International application No." 

PCT/JP98/03289 



A. CLASSIFICATION OF SUBJECT MATTER 
Int. CI* H01L29/78 

According to International Patent Classification (IPQ or to both national classification and IPC 

B. FIELX>S SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

Int. CI* H01L29/78, H01L21/336, H01L29/861, H01L21/329, H01L21/265 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Koho 1964-1996 Torolcu Jitsuyo Shinan Koho 1994-1997 

Kokai Jitsuyo Shinan Koho 1971-1998 Jitsuyo Shinan Toroku Koho 1996-1998 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
A 



JP, 1-164064, A (Hitachi, Ltd.), 
28 June, 1989 (28. 06. 89) 
& US, 5045904, A, 

Page 3, upper left column, line 15 to lower left 
column, line 9 ; Fig. 1 

JP, 63-98124, A (Hitachi, Ltd.), 

28 April, 1988 (28. 04. 88) (Family: none) 

Page 2, lower left column, line 1 to page 3, upper 

right column, line 16 ; Figs. 1 to 3 

JP, 63-296282, A (Sony Corp.), 
2 December, 1988 (02. 12. 88) (Family: none) 
Page 2, upper right column, line 5 to lower right 
column, line 14 ; Fig. 1 

JP, 8-213617, A (Fuji Electric Co., Ltd.), 
20 August, 1996 (20. 08. 96) 
& GB, 2295052, A 

Page 4, right column, line 6 to page 5, left column, 
line 1 ; Fig. 9 



1. 3, 5 
2, 4, 6-16 



9-16 



3, 4, 11, 12 



3, 5, 11, 13 



px] Further documents are listed in the continuation of Box C. Q See patent family annex. 



-O" 



Special categories of cited documents: 

document defming the general state of the art which is not 

oonsideied to be of particular relevance 

earlier document but published on or after the international ftling date 
document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later than 
the priority date claimed 



"T" later document published after the international filing date or priority 

date and not in conflict with the application but cited to understand 

the prindple or theory underlying the invention 
"X" document of particular relevance; the claimed invention cannot be 

oon^dered novel or cannot be considered to involve an inventive step 

when the document is taken alone 
" Y' document of particular relevance; the claimed invention cannot be 

conadered to involve an inventive step when the document is 

combined with one or more other such documents, such combination 

being obvious to a person skilled in the art 
" &" document member of the sa me patent family 



Date of the actual completion of the international search 
j 20 October, 1998 (20. 10. 98] 



Name and mailing address of the ISA/ 

Japanese Patent Office 
Facsimile No. 



Date of mailing of the international search report 

27 October, 1998 (27. 10. 98) 



Authorized officer 



Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1992) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP98/03289 



C (Conlinualion). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP, 2-130911, A (Nissan Motor Co . ^ Ltd. ) f 
18 May, 1990 (18. 05. 90) (Family: none) 
Page 4, lower right column, line 17 to page 
upper right column, line 16 ; Fig. 1 



5, 



JP, 2-98175, A (NEC Corp.), 

10 April, 1990 (10. 04. 90) (Family: none) 

Page 2, lower left column, line 8 to lower right 

column, line 1 ; Fig. 2 



6, 14 



7, 15 



Form PCTASA/210 (contiouatioo of second sheet) (July 1992) 



H^ffilSS-^ P C T/ JP98/0S-2 89 " 



Int.Cr HO 1 L 2 9/7 8 



S§lc^fxo/c^/Hgg3m- (Sl^>#t^5>^ (IPC) ) 

Int,Cl' H01L2 9/7 8. H01L2 1/3 3 6, H01L 2 9/8 6 1, H01L2 1/3 29, 
HO 1 L 2 1/2 6 5 



u:^mmmm^^j^n 19 64- 19 96^. B:^m<^^mmmmm^An 1971-1998^ 

B *:Sl&«ailffliSf3S^« 1 9 9 4- 1 9 9 7^. 0 *:ll^fflrrlgi£»4i« 1 9 9 6-1 9 9 8^ 





c. BBit-^S i:^fee.4x-5S:iS>; 








X 
A 

A 


jp, 1-164064, A m^^^±B iimYm) . 

28. 6^. 1 9 8 9 (2 8. 06. 8 9), 

&US, 5045904, A, 

m 3 M&±mmi5n-&rmm 9 =fTS.tj^m 1 hi 

JP, 63-9812 4. A (t*^^^± S SlMi^BJf ) , 
28. 4^. 1 9 8 8 (2 8. 04. 8 8) , 


1, 3, 5 
2,4, 6-16 

9 -16 


[xj cm<omi 




or, rxj !tticBajScDfo2>5:iSfe-cfoo-c, ai^S:iSfc<^^-c^P-^ 
fLj ■eBit«l±!HJ:SiiSl*«®-t-2>:S:iS^XI4{t!lto:ScSfc<^%tT orr«.1±Xli:>l^i4*5;^tv>t%x.e>ix-5 few 




mmm^ni^<o^'MB 27 1 Q 98 


B^HIti^rf ( I S A/ J P) 

100-8915 


^ B m ^ 

miSS-^ 03-3581-1 101 


^ 4M 9 4 4 7 

Ik 1 


P^B. 3 4 6 4 



m^PCT/ I SA/2 1 0 (|g2-<-i?) (1 9 9 2^7^) 



m^mmsf^- pct/j P9 s/o ^28 9 



§S3ft<o«5ia<os-i- 



JP, 63-296282, A (y =^—m^^^±) , 
2. 1 2M. 1 9 8 8 (0 2. 1 2. 8 8), 



JP, 8-213617, A (.'S±mmm^^%t) , 

2 0. 8^. 1 9 9 6 (2 0. 0 8. 9 6), 
&GB, 2295052, A, 

m 4 M^mm e n-^ 5 w&mm 1 nRxj^m 9 m 



JP, 2-130911, A (SMg»J^<5fe5^#l±) . 
1 8. 5^. 1990 (1 8. 05. 9 0), 

m 4 M;&TffiB^17^T~^ 5 M:&-hffiSl^l6tT:S.TJ^II 1 HI 



JP, 2-98175, A iB^mnm^^n.) . 
10. 4M. 1 9 9 0 (1 0. 0 4. 9 0), 



3,4, 11, 12 



3, 5, 11, 13 



6, 14 



7, 15 



SISCPCT/ 1 S A/2 1 O (S5 2'<-i^ro88*) (1 9 9 2^7^) 



I 



